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Abstract 

Rats with either bilateral electrolytic or sham lesions of the ventrolateral portion of the lateral parabrachial nucleus (VLLPBN) were 
implanted with latex balloons that lay at the right superior vena cava/atrial junction (RSVC/AJ). Water intake in response to 
isoproterenol was measured both with and without inflation of the balloon. Water intake of the sham-lesioned rats was significantly 
depressed by balloon inflation during the first hour of the experiment. In contrast, water intake in the VLLPBN-lesioned rats was 
unaffected by balloon inflation. These results suggest that the VLLPBN is involved in the processing of afferent input from 
stretch-activated RSVC/AJ receptors. 
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The role of vascular volume receptors located on the 
low pressure side of the systemic circulation (i.e., located 
in the atria and great veins; a.k.a. cardiopulmonary recep- 
tors) in the control of water intake is unclear. There is 
some evidence, albeit largely circumstantial, that input 
from these receptors may facilitate water intake in states of 
extracellular volume depletion [7,23]. In contrast, however, 
evidence suggesting that the volume receptors contribute 
to satiety (i.e., the termination of drinking) is more com- 
plete. Activation of mechanoreceptors in the rat by infla- 
tion of a small balloon in the right superior vena cava/atrial 
junction (RSVC/AJ) has been reported to attenuate spon- 
taneous night-time water intake, as well as drinking in 
response to 24 h water deprivation, treatment with the 
hyperoncotic colloid polyethylene glycol and isoproterenol 
[10]. This manipulation had no effect on drinking induced 
by the infusion of hypertonic saline. Similar findings have 
been reported in the dog, with the exception that volume 
receptor activation in this species also attenuates water 
intake stimulated by cellular dehydration [19]. 

It is likely that volume information is integrated into the 
‘visceral’ neural network that is involved in the control of 
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drinking behavior. Anatomical evidence indicates that the 
lateral parabrachial nucleus (LPBN) is one site where 
peripherally derived inputs might converge. The LPBN, 
particularly the ventrolateral portion of the LPBN (VL- 
LPBN), receives the most prominent ascending projection 
of both the area postrema and nucleus of the solitary tract 
[16,17,26] and is involved through a rich communication 
network with hypothalamic nuclei known to be important 
in the maintenance of body fluid balance [6,17]. In addi- 
tion, functional data exist linking the LPBN to the control 
of water intake [4,20,21]. 

The purpose of this experiment was to test the hypothe- 
sis that the VLLPBN mediates, at least in part, the reduc- 
tion of water intake following activation of RSVC/AJ 
receptors. Isoproterenol, which to a degree mimics extra- 
cellular volume depletion (e.g., see Ref. [23] for review 
and references), was chosen as the experimental dipsogen. 

This experiment was carried out on male Sprague- 
Dawley rats weighing between 300-420 g at the time of 
testing. The animals received either a bilateral electrolytic 
or sham lesion of the VLLPBN. Lesions were made by 
passing a 1.6 mA direct current through a stainless steel 
electrode for 4 s. Following a 2-week recovery period, 
atrial balloons were implanted in both groups of rats 
following the procedure described by Kaufman [10]. 
Briefly, the balloon was constructed of latex securely tied 
over the end of PE 50 tubing. The latex and PE tubing 
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were covered with silastic tubing so that only the tip of the 
balloon was allowed to expand. The balloon was intro- 
duced through the right external jugular vein, and was 
advanced until the tip lay near the RSVC/AJ. The tubing 
was anchored to the right clavicle, as well as the muscle 
near the external jugular vein, and was subcutaneously 
tunneled to the nape of the neck and secured. 

After a 1-week recovery period, drinking tests were 
begun. The atrial balloon was inflated in half of the rats in 
each group. This was accomplished by manual infusion of 
0.05 ml water immediately prior to isoproterenol (30 
/xg/kg s.c.) administration. The balloons remained ex- 
panded throughout the 120-min test session. Rats in the 
balloon deflation condition simply received the injection of 
isoproterenol. Cumulative water intake was recorded at 15, 
30, 60 and 120 min after dipsogen delivery. The balloons 
were deflated at the end of the test period. The conditions 
were reversed on a subsequent test day so that water intake 
in response to isoproterenol was measured in all rats under 
both balloon inflation and deflation conditions. Forty-eight 
hours intervened between consecutive tests. 

Upon completion of testing, the lesioned and sham-le- 
sioned animals were transcardially perfused with physio- 
logical saline followed by 10% buffered formalin. The 
brains were sectioned and stained with Cresyl violet in 
order to histologically verify the lesion placement. Histo- 
logical criteria for a good lesion have been described 
previously [20]. The chest cavity of each animal was 
opened to reveal the right superior vena cava and atrium. 
The balloon was inflated and placement was visually 
verified. Rats that did not drink at least 1 ml during the 
balloon deflation condition were eliminated from the study. 
A repeated measure ANOVA was used to compare water 
intake during balloon inflation and deflation conditions for 
each group at each time point. Differences between group 
water intake were analyzed using one-way ANOVAs. Sta- 
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Fig. 2. Drinking in response to isoproterenol is shown for the VLLPBN 
(LESION) and sham (SHAM) lesioned rats at 15, 30, 60, and 120 min 
after dipsogen delivery. Water intake during the balloon inflation condi- 
tion is depicted by hatched bars, solid bars represent water intake while 
the balloon was deflated. * Indicates a significant difference between 
inflation and deflation conditions. Significance is P < 0.05. 

tistical significance was defined as P < 0.05. All values 
are reported as means + S.E.M. 

Six rats were determined to have both good VLLPBN 
lesions and accurate balloon placements. The lesions are 
comparable to those presented in previous publications 
[20,21] from our laboratory and a representive VLLPBN 
lesion from the present study is presented in Fig. 1. The 
brains of sham-lesioned animals were examined to ensure 
there was no damage to the VLLPBN, and balloon place- 
ment was also verified. Eleven rats met both criteria. 
Water intakes are presented in Fig. 2. Very little drinking 
occurred within the first 15 min following isoproterenol 
administration and balloon inflation did not significantly 
alter water intake in either the lesioned (inflation: 1.4 ± 0.9 
ml; deflation: 0.4 ± 0.4 ml) or sham-lesioned (inflation: 
0.1 ± 0.1 ml; deflation: 0.4 ± 0.3 ml) group. However, 30 
min after drug administration, water intake was signifi- 
cantly decreased in sham-lesioned rats during balloon in- 
flation (inflation: 1.1 ±0.4 ml; deflation 3.0 ± 0.7 ml). 



Fig. 1. Typical bilateral lesions (arrows) of the ventrolateral portion of the lateral parabrachial nuclei (VLLPBN). 
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Balloon expansion had no effect on drinking behavior of 
the VLLPBN-lesioned rats at this time point (inflation: 
5.1 + 2.2 ml; deflation: 5.3 ± 1.6 ml). A similar trend was 
seen at 60 min post-isoproterenol delivery. Drinking in the 
sham-lesioned rats was significantly suppressed by 
RSVC/AJ stimulation (3.3 + 0.9 ml) as compared to the 
control condition (6.7 + 1.8 ml), whereas water intake in 
the lesion group was unaltered by balloon expansion (infla- 
tion: 10.3 ± 2.3 ml; deflation: 10.2 ± 1.9 ml). By the end 
of the experiment, 2 h after isoproterenol administration, 
water intake was no longer significantly decreased by 
RSVC/AJ expansion in the sham-lesioned rats (inflation: 
5.5 + 1.8 ml; deflation: 7.2 ± 1.7 ml). Water intake in the 
VLLPBN-lesioned rats remained unaffected by this stimu- 
lus (inflation: 11.0 + 2.5 ml; deflation: 10.8 + 2.4 ml). 
Although there was a tendency for the VLLPBN-lesioned 
rats to drink more than the sham-lesioned animals, this 
trend did not reach statistical significance during the bal- 
loon deflation condition. 

These results confirm previous work indicating that 
isoproterenol-induced water intake is attenuated by stretch 
of the RSVC/AJ [10,19] and suggests that the VLLPBN is 
critically involved in the mediation of the attenuation of 
drinking to this manipulation. It is unlikely that the re- 
duced drinking exhibited by the sham-lesioned rats was the 
result of a debilitating effect of balloon expansion, as 
water intake was unaltered by this manipulation in the 
VLLPBN-lesioned rats. These data support the hypothesis 
that activation of cardiopulmonary volume receptors by 
stretch of the RSVC/AJ signals contribute to the termina- 
tion of drinking, but it appears that this inhibitory signal 
adapts. That is, by the end of the experiment, the cumula- 
tive water intake of the sham-lesioned rats was not differ- 
ent between experiment conditions. Adaptation and reset- 
ting of vascular stretch receptors on both the high and low 
pressure sides of the circulation are well-described phe- 
nomena (see Refs. [2] and [27] for reviews). 

It is reasonable to hypothesize that the VLLPBN is 
involved in volume receptor-induced inhibition of water 
intake. This region is heavily innervated by both the area 
postrema and nucleus of the solitary tract [16,26,28], nuclei 
known to receive input from cardiac and aortic arch 
baroreceptors via the vagus and glossopharyngeal nerves 
[3,9]. In addition, the lateral subdivisions of the parabrachial 
nucleus share reciprocal projections with the median pre- 
optic nucleus, paraventricular nucleus, central nucleus of 
the amygdala, and other forebrain nuclei involved in the 
control of body fluid balance [6,17]. Therefore, the LPBN 
appears to be a component of a neural network capable of 
integrating information related to cardiovascular status and 
body fluid balance. Furthermore, the VLLPBN has been 
previously implicated in the attenuation of drinking. Bilat- 
eral electrolytic or chemical lesions of this nucleus aug- 
ment drinking in response to centrally and peripherally 
administered dipsogens which simulate an extracellular 
fluid deficit [4,20,21]. It will be necessary to repeat the 


present balloon inflation studies in rats where chemical 
lesions (e.g., as in Ref. [4]) are used in order to discern 
whether the present effects are due to destruction of neu- 
rons with soma located in the LPBN or disruption of fibers 
of passage. 

While the data presented here suggest that the VLLPBN 
plays a role in the volume receptor-induced attenuation of 
water intake in response to isoproterenol, it is not clear 
whether this is a neurally or humorally mediated event. 
There is evidence to suggest that the observed decrease in 
drinking is the result of direct neural stimulation of central 
nervous system (CNS) centers involved in drinking. 
Moore-Gillon and Fitzsimons [19] reported that inflation of 
a balloon implanted at the left pulmonary vein and atrial 
junction in the dog reduced water intake in response to 
isoproterenol and that blockade of the left vagus nerve 
prohibited this inhibitory action. Further, unilateral cervi- 
cal vagotomy significantly increased water intake in the rat 
following the administration of isoproterenol [18]. To- 
gether these findings suggest that decreased drinking fol- 
lowing volume receptor stimulation is the result of im- 
pulses traveling to the CNS via the vagus nerve. 

Alternatively, it is possible that this information is 
relayed to the brain via a humoral rather than neural 
mechanism. Isoproterenol-induced water intake is believed 
to be largely mediated by the renin-angiotensin system 
[5,8,23]. Left atrial stretch has been demonstrated to inhibit 
renin release in the dog [15,25], suggesting that the ob- 
served attenuation of water intake might be due to reduced 
plasma renin levels. This is unlikely, however, since Kauf- 
man found no significant change in plasma renin activity 
during right atrial expansion by balloon in the rat [11]. 
However, atrial natriuretic peptide (ANP) is also released 
by atrial distention, and may underlie this phenomenon 
[14]. Administration of ANP has been demonstrated to 
attenuate drinking in response to a number of dipsogenic 
challenges [1,12,13], and water intake itself has been re- 
ported to elevate circulating levels of the peptide [24]. A 
high density of ANP binding sites has been found in the 
area postrema, a circumventricular organ [22], and circulat- 
ing ANP acting through this nucleus may activate CNS 
pathways involving the VLLPBN to inhibit drinking. It 
should be noted, however, that RSVC/AJ distention does 
not diminish water intake in response to all dipsogenic 
stimuli [10], which would be expected if ANP release via 
atrial stretch was solely responsible for the termination of 
drinking. 

In summary, activation of RSVC/AJ receptors has 
been shown to attenuate isoproterenol-induced water in- 
take in intact rats and this inhibition is abolished by 
ablation of the VLLPBN. These findings support the hy- 
pothesis that the VLLPBN is involved in the inhibition of 
drinking mediated by volume receptor stimulation. These 
results add to the growing body of evidence suggesting 
that the VLLPBN is involved in the termination of thirst 
stimulated by a variety of dipsogenic challenges. 



278 


L.E . Ohman , A.K. Johnson /Brain Research 695 (1995) 275-278 


Acknowledgements 

This research was supported by National Heart, Lung 
and Blood Institute, NIH Grants HL 14338 and HL 44546. 


References 

[1] Antunes-Rodrigues, J., McCann, S.M., Rogers, L.C. and Samson, 
W.K., Atrial natriuretic factor inhibits dehydration- and angiotensin 
II-induced water intake in the conscious, unrestrained rat, Proc. Natl. 
Acad. Sci. USA, 82 (1985) 8720-8723. 

[2] Chapleau, M.W. and Abboud, F.M., Mechanisms of adaptation and 
resetting of baroreceptor reflex. In R. Hainsworth and A.L. Mark 
(Eds.), Cardiovascular Reflex Control in Health and Disease , W.B. 
Saunders, Philadelphia, 1993, pp. 165-193. 

[3] Ciriello, J. and Calaresu, F., Projections from buffer nerves to the 
nucleus of the solitary tract: an anatomical and electrophysiological 
study in the cat, J. Auton. Nerv. Syst., 3 (1981) 299-310. 

[4] Edwards, G.L. and Johnson, A.K., Enhanced drinking after excito- 
toxin lesions of the parabrachial nucleus in the rat. Am. J. Physiol., 
261 (1991) R1039-R1044. 

[5] Evered, M.D. and Robinson, M.M., Increased or decreased thirst 
caused by inhibition of angiotensin-converting enzyme in the rat, J. 
Physiol., 348 (1984) 573-588. 

[6] Fulwilcr, C.E. and Saper, C.B., Subnuclear organization of the 
efferent connections of the parabrachial nucleus in the rat, Brain 
Res. Rev., 7(1984) 229-259. 

[7] Hosutt, J.A., Rowland, N. and Strieker, E.M., Hypotension and thirst 
in rats after isoproterenol treatment, Physiol. Behav. 21 (1978) 
593-598. 

[8] Houpt, K.A. and Epstein, A.N., The complete dependence of beta- 
adrenergic drinking on the renal dipsogen. Physiol. Behav., 7 (1971) 
897-902. 

[9] Kalia, M. and Sullivan, J.M., Brainstem projections of sensory and 
motor components of the vagus nerve in the rat, J. Comp. Neurol., 
211 (1982) 248-264. 

[10] Kaufman, S., Role of right atrial receptors in the control of drinking 
in the rat, J. Physiol., 349 (1984) 389-396. 

[11] Kaufman, S., Influence of right atrial stretch on plasma renin activity 
in the conscious rat, Can. J. Physiol. Pharmacol., 65 (1987) 257-259. 

[12] Kaufman, S. and Monckton, E.A., Effect of peripherally adminis- 
tered atriopeptin III on water intake in rats, J. Physiol. 396 (1988) 
379-387. 

[13] Lappe, R.W., Dinish, J.L., Bex, F., Michalak, K. and Wendt, R.L., 


Effects of atrial natriuretic factor on drinking responses to central 
angiotensin II, Pharmacol. Biochem. Behav., 24 (1986) 1573-1576. 

[14] Ledsome, J.R., Wilson, N., Courneya, C.A. and Rankin, A.J., Re- 
lease of atrial natriuretic peptide by atrial distention, Can. J. Physiol. 
Pharmacol., 63 (1985) 739-742. 

[15] Lee, M.E., Thrasher, T.N. and Ramsay, D.J., Elevated cardiac 
pressure inhibits renin release after atrial hypotension in conscious 
dogs. Am. J. Physiol., 247 (1984) R953-R959. 

[16] Loewy, A.D. and Burton, H., Nuclei of the solitary tract: efferent 
connections to the lower brain stem and spinal cord of the cat, J. 
Comp. Neurol., 181 (1978) 421-450. 

[17] Loewy, A.D. and McKellar, S., The neuroanatomical basis of central 
cardiovascular control, Fed. Proc., 39 (1981) 2495-2503. 

[18] Moore-Gillon, M.J., Effects of vagotomy on drinking in the rat, J. 
Physiol. 308 (1980) 417-426. 

[19] Moore-Gillon, M.J. and Fitzsimons, J.T., Pulmonary vein atrial 
junction stretch receptors and the inhibition of drinking, Am. J. 
Physiol., 242 (1982) R452-R457. 

[20] Ohman, L.E. and Johnson, A.K., Lesions in lateral parabrachial 
nucleus enhance drinking to angiotensin II and isoproterenol, Am. J. 
Physiol. (Regulatory Integrative Comp. Physiol. 20), 251 (1986) 
R504-R509. 

[21] Ohman, L.E. and Johnson, A.K., Brain stem mechanisms and the 
inhibition of angiotensin-induced drinking, Am. J. Physiol. (Regu- 
latory Integrative Comp. Physiol. 25), 256 (1989) R264-R269. 

[22] Quirion, R., Dalpe, M., De Lean, A., Gutkowska, J., Cantin, M. and 
Genest, J., Atrial natriuretic factor (ANF) binding sites in brain and 
related structures, Peptides, 5 (1984) 1167-1172. 

[23] Rettig, R., Ganten, D. and Johnson, A.K., Isoproterenol-induced 
thirst: renal and extra-renal mechanisms. Am. J. Physiol. (Regu- 
latory Integrative Comp. Physiol. 10), 241 (1981) R152-R157. 

[24] Salazar, F.J., Granger, J.P., Joyce, M.L.M., Burnett, Jr., J.C., Bove, 
A.A. and Romero, J.C., Effects of hypertonic saline infusion and 
water drinking on atrial peptide. Am. J. Physiol. (Regulatory Integra- 
tive Comp. Physiol. 20), 251 (1986) R1091-R1094. 

[25] Schultz, H.D., Fater, D.C., Sundet, W.D., Geer, P.G. and Goetz, 
K.L., Reflexes excited by acute stretch of atrial vs pulmonary 
receptors in conscious dogs, Am. J. Physiol. (Heart Circ. Physiol. 
11), 242 (1982) H1065-H1076. 

[26] Shapiro, R.E. and Miselis, R.R., The central neural connections of 
the area postrema of the rat, J. Comp. Neurol., 234 (1985) 344-364. 

[27] Thoren, P., Resetting of cardiogenic reflexes in hypertension. In R. 
Hainsworth and A.L. Mark (Eds.), Cardiovascular Reflex Control in 
Health and Disease , W.B. Saunders, Philadelphia, 1993, pp. 195- 
216. 

[28] Vander Kooy, D. and Koda L.Y., Organization of the projections of 
a circumventricular organ: the area postrema in the rat, J. Comp. 
Neurol., 219 (1983) 328-338. 




Information for Advertisers. Advertising orders and enquiries can be sent to Elsevier Science B.V., Advertising Department, P.O. Box 211, 1000 AE 
Amsterdam, The Netherlands, Tel.: (31) (20) 485 37%; Fax: (31) (20) 485 3810. Office address for courier services: Molenwerf 1, 1014 AG Amsterdam, 
The Netherlands. For the U.K.: T.G. Scott and Son Ltd., Vanessa Bird, Portland House, 21 Narborough Road, Cosby, Leicestershire LE9 5TA, U.K., Tel: 
(44) (1 16) 2750 520/2753 333; Fax: (44) (1 16) 2750 522. For the U.S.A. and Canada: Weston Media Associates, Daniel Lipner, P.O. Box 1110, Greens 
Farms, CT 06436-1 1 10, U.S.A., Tel.: (1) (203) 261-2500; Fax: (1) (203) 261-0101. 

ADONIS Identifier. This Journal is in the ADONIS Service, whereby copies of individual articles can be printed out from CD-ROM on request. An 
explanatory leaflet can be obtained by writing to ADONIS B.V., P.O. Box 839, 1000 AV Amsterdam, The Netherlands. 


© The paper used in this publication meets the requirements of ANSI/NISO 239.48-1992 (Permanence of Paper). 






